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Water Powe 

By Prof. A. 1 

'“PHE extent to which the water powers of the 
-*• world have been investigated and developed 
during the past decade forms one of the striking 
engineering features of the period. Although 
falling or flowing water formed the earliest of the 
natural sources of energy to be utilised for indus¬ 
trial purposes, it is of interest to note that two- 
thirds of the water power at present in use has 
been developed within the last ten years. 

The urgent demand for energy to supply the 
abnormal requirements of the war period, com¬ 
bined with the world shortage of fuel, was 
responsible for an unprecedented rate of develop¬ 
ment in most countries with available water-power 
resources, and especially in those countries 
normally dependent on imported fuel. 

World’s Available Water Power. —During the 
past few vears much attention has been paid to 
statistics of available and developed water powers, 
and it appears that the available horse-power of 
the world is of the order of two hundred millions, 
of which approximately twenty-five millions is at 
present developed or is in course of development. 

Power Available in Great Britain and in the 
British Empire.- —With the noteworthy exceptions 
of Canada and New Zealand, practically nothing 
had been done, prior to 1915, by any part of the 
British Empire to develop or even systematically 
to investigate the possibilities of developing its 
water powers. It is true that a number of large 
installations had been constructed in India and 
Tasmania, but their aggregate output was rela¬ 
tively inconsiderable. 

Since then, however, there has been a general 
tendency to initiate such investigations, and at the 
present time these are being carried out with vary¬ 
ing degrees of thoroughness in India, Ceylon, 
Australia, South and East Africa, and British 
Guiana. While it is known that there is ample 
water power in Newfoundland, Nigeria, Rhodesia, 
Papua, and the Gold Coast, no very definite 
information is available, nor are any steps appa¬ 
rently being taken to obtain data in these 
countries. 

The Water-power Committee of the Conjoint 
Board of Scientific Societies, which has been 
studying the state of investigation and develop¬ 
ment throughout the Empire since 1917, has, how¬ 
ever, come to the conclusion that its total avail¬ 
able water-power resources are at least equivalent 
to between fifty and seventy million horse-power. 

Of the developed power in the Empire about 
80 per cent, is in Canada. Throughout the 
remainder of its territories only about 700,000 
horse-power is as yet developed, or only a little 
more than 1 per cent, of the power available, a 
figure which compares with about 24 per cent, -for 
the whole of Europe, and 21 per cent, for North 

1 Abridged from the presidential address delivered to Section G 
(Engineering) of the British Association at Edinburgh on September 9. 
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America, including Canada and the U.S.A. 
These figures sufficiently indicate the relatively 
large scope for future development. 

With a view of ascertaining the resources of our 
own islands, a Board of Trade Water-power 
Resources Committee was appointed in 1918. 
This Committee, which has just presented its final 
report, has carried out preliminary surveys of as 
many of the more promising sites as its limited 
funds allowed, and has obtained data from the 
Board of Agriculture for Scotland, the Ordnance 
Survey Department, the Ministry of Munitions, 
and from civil engineers in private practice, 
regarding a large number of other sites. 

As might be anticipated, Scotland, with its com¬ 
paratively high rainfall, mountainous area, and 
natural lochs, possesses relatively greater possibili¬ 
ties than the remainder of the United Kingdom, 
and investigation has shown that it offers a 
number of comparatively large schemes. Nine of 
the more immediately promising of those examined 
by the Committee have an average output ranging 
from 7000 to 40,000 continuous 24-hour horse¬ 
power, and an aggregate capacity of 183,000 
horse-power, while in every case the estimated 
cost of construction is such that power could be 
developed at a cost appreciably lower than from a 
coal-fired station built and operated under present- 
day conditions. The aggregate output of the 
Scottish schemes brought before the notice of the 
Committee, some of which, however, are not com¬ 
mercially feasible at the moment, is roughly 
270,000 continuous horse-power. 

In addition to these there are a very larg'e 
number of other small schemes which have not 
yet been investigated, 2 and it is probably well 
within the mark to say that there are water-power 
sites in the country capable of developing the 
equivalent of 400,000 continuous horse-power, or 
1,500,000 horse-power over a normal working 
week, at least as cheaply as from a coal-fired 
installation. 

A number of attractive schemes are also avail¬ 
able in North Wales, though these are in general 
more expensive than those in Scotland. 

Owing to the general flatness of the gradients, 
there are, except possibly around Dartmoor, no 
schemes of any large individual magnitude in 
England, but there are a large number of powers 
ranging from 100 to 1000 horse-power which 
might be developed from river flow uncontrolled 
by storage. 

Investigations on a few typical watersheds 
throughout England and Wales appear to show 
that the possible output averages approximately 
eight continuous horse-power per square mile of 
catchment area, which would be equivalent to an 

2 In a paper read before the Royal Society of Arts on January 25, 1918, 
Mr, A. Newlands gave a list of 122 potential Scottish schemes, the capacity 
of which he estimated, on a very conservative basis, at 375,000 horse-power. 
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a g'g Te g' ate °f about 450,000 horse-power. 
Although much of this potential output is not com¬ 
mercially feasible, it would give the equivalent of 
500,000 horse-power over a normal working week 
if only 30 per cent, of it were fully utilised. 

In the report recently issued by the Irish Sub- 
Committee of the Board of Trade Water-power 
Committee it is estimated that approximately 
500,000 continuous 24-hour horse-power is com¬ 
mercially available in Ireland, and that if utilised 
over a 48-hour working week, its capacity would 
be at least seven times as great as that- of the 
engine power at present installed in the country 
for industrial purposes. 

It appears then that, although the water-power 
qjqssibilities of the United Kingdom are small in 
comparison with those of some more favoured 
countries, they are by no means so negligible as 
is commonly supposed, even in comparison with 
the present industrial steam-power resources of 
the country. 

The capacity of the fuel-power plants installed 
for industrial and public utility services in the 
United Kingdom in 1907 was approximately 9-8 
million horse-power. Allowing for an increase of 
15 per cent, since then, and an average load factor 
of 35 per cent., this is equivalent to 32,000 million 
horse-power hours per annum, or to a con¬ 
tinuous 24-hour output of only 3 7 million horse¬ 
power. 

According to Sir Dugald Clerk, the average 
consumption of coal per horse-power hour in this 
country is about 3-9 lb., which, on the above basis, 
would involve a total annual consumption of 
fifty-five million tons for industrial purposes, not 
including railways or steamships. 

Adopting this figure of 32,000 million horse¬ 
power hours as the annual demand for power for 
industrial purposes, it appears that the inland 
water-power resources of the United Kingdom are 
capable of supplying about 27 per cent, of this, 
a proportion which, in such an industrial country 
as our own, is somewhat surprisingly large. 

Many of the small powers would be well adapted 
for linking up, as automatic or semi-automatic 
stations, into a general network of electricity 
supply, or for augmenting the output of municipal 
supply works, as has been done so successfully, 
for example, at Chester, Worcester, and Salis¬ 
bury. 

The development of the many small schemes 
available in the Scottish Highlands would prob¬ 
ably have a great effect on the social life of the 
community. It would go far towards reviving 
and extending those small local industries which 
should form an essential feature of the ideal rural 
township. Commercially such undertakings may 
appear to be of small importance, but as a factor 
in promoting the welfare of the State, economical 
and political, their influence can hardly be over¬ 
estimated. 

Some of the larger schemes in Scotland would 
lend themselves admirably to transmission to its 
industrial districts, while others, in close vicinity 
to the sea-board, would appear to be well adapted 
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for supplying chemical, or electro-physical, or 
metallurgical processes. 

Conservation .—The importance of water-power 
development from the point of view of conserva¬ 
tion of natural resources requires no emphasis. 
When the value of coal purely as a chemical asset, 
or as a factor in the manufacture of such materials 
as iron and steel, cement, etc., is considered, 
its use as a fuel for power purposes, when any 
other equally cheap source of energy is available, 
would appear, indeed, to be unjustifiable. 

The consumption of coal in the best modern 
steam plant of large size, giving continuous out¬ 
put, would be about nine tons per horse-power 
year, and on this basis the world’s available water 
power if utilised would be equivalent to some 
1,800,000,000 tons of coal per annum. The 
world’s output of coal in 1913 was approximately 
1,200,000,000 tons, of which about 500,000,000 
tons were used for industrial power purposes, so 
that on this basis 55,000,000 continuous water 
horse-power would be equivalent to the world’s 
industrial energy at that date. 

Not only does the use of water power lead to a 
direct conservation of fuel resources, but it also 
serves to a notable degree to conserve man power. 
To take an extreme example, each of the 40,000 
horse-power units now being installed at Niagara 
Falls will require for operation two men per shift. 
It is estimated that to produce the same power 
from a series of small factory steam plants, more 
than eight hundred men would be required to mine, 
hoist, screen, load, transport by rail, unload, and 
fire under boilers the coal required, while, if 
account be taken of the additional labour involved 
in horse transport, wear and tear of roads and of 
railroad tracks and rolling stock, the number 
would be considerably increased. 

Uses of Hydro-Electric Energy .—While a large 
proportion of the energy developed from water 
power is utilised for industrial purposes and for 
lighting, power, and traction, an increasing pro¬ 
portion is being used for electro-chemical and 
electro-metallurgical processes. 

In Norway the electro-chemical industry 
absorbed 770,000 horse-power in 1918, or approxi¬ 
mately 75 per cent, of the total output, as com¬ 
pared with 1500 horse-power in 1910. Of this 
some 400,000 horse-power was utilised in nitrogen 
fixation alone. 

The production of electric steel in the U.S.A. 
increased from 13,700 tons in 1909 to 24,000 tons 
in 1914, and to 511,000 tons in 1918, this latter 
quantity absorbing 300 million kw. hours, equiva¬ 
lent to almost 400,000 continuous horse-power. 

In Canada, in 1918, the pulp and paper industry 
absorbed 450,000 horse-power, or 20 per cent, of 
the total, while the output of central electric 
stations amounted to 70 per cent, of the total. 

The electrification, on a large scale, of trunk 
line railways is also a probability in the not dis¬ 
tant future. In the U.S.A. 650 miles of the main 
line of the Chicago, Milwaukee, and St. Paul 
Railway, comprising 850 miles of track, have 
been electrified, the power for operation being 
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obtained from hydro-electric stations. In France 
much of the track of the Compagnie du Midi in 
the region of the Pyrenees has been electrified 
with the aid of water power; much of the Swiss 
railway system has been electrified; and the elec¬ 
trification of many other trunk lines on the Euro¬ 
pean continent is at present under consideration. 

Quite apart from the probable huge demand in 
the distant future for energy for the manufacture 
of artificial fertilisers by some system of nitrogen 
fixation, agriculture would appear to offer a 
promising field for the use of hydro-electric power. 

Much energy is now being utilised in the U.S.A. 
for purely agricultural purposes. In California, 
for example, there is in effect one vast system of 
electrical supply extending over a distance of 800 
miles with 7200 miles of high-tension trans¬ 
mission lines. This is fed from seventy-five 
hydro-electric stations, inter-connected with forty- 
seven steam plants, to give a total output of 
785,000 horse-power. A further group of 
thirteen hydro-electric schemes now under con¬ 
struction will add another 520,000 horse-powder. 
A large proportion of this power is used in agri¬ 
culture, and a census in 1915 showed that elec¬ 
tric motors equivalent to more than 190,000 horse¬ 
power were installed on Californian farms. The 
Californian rice industry is almost wholly depen¬ 
dent on irrigation made possible by electric 
pumping, while most of the mechanical processes 
involved in farming are being performed by elec¬ 
tric power. 

There can be little doubt that the economic 
development of many of our tropical dependencies 
is bound up in the development of their water¬ 
power resources. Not only would this enable 
railroads to be operated, irrigation schemes to be 
developed, and mineral deposits to be mined and 
worked, but it would also go far to solve the black 
labour problem, which promises tO' be one of some 
difficulty in the near future. 

While those outlets for electrical energy which 
are now in sight promise to absorb all the energy 
which can be cheaply developed for many years 
to come, there are many other probable directions 
in which cheap energy would find a new and profit¬ 
able outlet. Among these may be mentioned the 
purification of municipal water supplies, the 
sterilisation of sewage, the dehydration of food 
products, and the preservation of timber. 

Research in Hydro-Electric Problems .—There 
are few branches of engineering in w'hich research 
is more urgently required and in which it might 
be more directly useful. 

Among the many questions still requiring in¬ 
vestigation on the civil and mechanical side may 
be mentioned :— 

i. Turbines .—Investigation of turbine corro¬ 
sion as affected by the material and shape of the 
vanes. 

Effect of erosion due to sand and silt. 

Resistance to erosion offered by different 
materials and coatings. 

Bucket design in low head high-speed turbines. 

Draft tube design. 

NO. 2710, VOL. 108] 


Investigation of the directions and velocities of 
flow in modern types of high-speed turbines. 

Investigation of the degree of guidance as 
affected by the number of guide and runner vanes. 

2. Conduits and Pressure Tunnels.— The 
design of large pipe lines under low heads with 
the view' of reducing the weight of metal. The 
investigation of anti-corrosive coatings, so as to 
reduce the necessity for additional wall thickness 
to allow for corrosion. 

Methods of strengthening large thin-walled 
pipes against bending and against external 
pressures. 

Methods of lining open canals and of boring and 
lining pressure tunnels. 

Effects of curvature in a canal or tunnel. 

3. Dams .—Most efficient methods of construc¬ 
tion and best form of section especially for rock- 
fill and earthen dams. Best methods of produc¬ 
ing water tightness. 

4. Run-off Data .—Since the possibility of 
designing an installation to develop the available 
power efficiently and economically depends in 
many cases essentially on the accuracy of the run¬ 
off data available, the possession of accurate data 
extending over a long series of years is of great 
value. 

While such data may be obtained either from 
stream gaugings or from rainfall and evapora¬ 
tion records, the former method is by far the more 
reliable. For a reasonable degree of accuracy, 
however, records must be available extending over 
a long period of years, and at the present moment 
such data are available only in very few cases. 

Where accurate rainfall and evaporation records 
are available, it is possible to obtain what is 
often a sufficiently close approximation to the 
run-off, but even rainfall records are not generally 
at hand where they are most required, and even 
in a district where such records are available, they 
are usually confined to easily accessible points, and 
are seldom extended to the higher levels of a 
catchment area where the rainfall is greatest. 
Even throughout the United Kingdom our know¬ 
ledge of the rainfall at elevations exceeding 500 ft. 
is not satisfactory, and little definite is known 
concerning that at elevations exceeding 1000 ft. 

In this country evaporation may account for 
between 20 and 50 per cent, of the annual rainfall, 
depending on the physical characteristics of the 
site, its exposure, mean temperature, and the type 
of surface covering. In some countries evapora¬ 
tion may account for anything up to 100 per cent, 
of the rainfall. As yet, however, few records 
are available as to the effect of the many variables 
involved. An investigation devoted to the ques¬ 
tion of evaporation from water surfaces, and from 
surfaces covered with bare soil and with various 
crops, under different conditions of wind, expo¬ 
sure, and mean temperature, would appear to be 
urgently needed. If this could be combined with 
an extension of Vermeulle’s investigation into the 
relationship between rainfall, evaporation, and 
run-off on watersheds of a few characteristic 
types, it would do much towards enabling an accu- 
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(rate estimate of the water-power possibilities of 
any given site to be predetermined. 

Even more useful results would follow the 
initiation of a systematic scheme of gauging 
applied to all streams affording potential power 
sites. 

Tidal Power .—The question of tidal power has 
received much attention during the last few years. 
In this country it has been considered by t.h* 
Water-power Resources Committee of the Board 
of Trade, which has issued a special tidal power 
report dealing more particularly with a suggested 
scheme on the Severn. The outline of a specific 
scheme on the same estuary was published by the 
Ministry of Transport towards the end of 1920. 

In France a special commission has been 
appointed by the Ministry of Public Works to con¬ 
sider the development of tidal power, and it has 
been decided to erect a 3000 kw. experimental 
plant on the coast of Brittany. With the view of 
encouraging research the Government proposes 
to grant concessions, where required, for the 
laying down of additional installations. 

The tidal rise and fall around our coasts repre¬ 
sents an enormous amount of energy, as may be 
exemplified by the fact that the power obtainable 
from the suggested Severn installation alone, for 
a period of eight hours daily throughout the year, 
would be of the order of 450,000 horse-power. 

Many suggestions for utilising the tides by the 
use of current motors, float-operated air com¬ 
pressors, and the like have been made, but the 
only practicable means of utilising tidal energy 
on any large scale would appear to involve the 
provision of one or more dams, impounding the 
water in tidal basins, and the use of the im¬ 
pounded water to drive turbines. 

The energy thus rendered available is, however, 
intermittent; the average working head is low and 
varies daily within very wide limits, while the 
maximum daily output varies widely as between 
spring and neap tides. 

If some electro-chemical or electro-physical pro¬ 
cess were available, capable of utilising an inter¬ 
mittent energy supply subject to variations of this 
kind, the value of tidal power would be greatly 
increased. At the moment, however, no such 
process is commercially available, and in order 
to utilise any isolated tidal scheme for normal 
industrial application it is necessary to provide 
means for converting the variable output into a 
continuous supply constant throughout the normal 
working period. 

Various schemes have been suggested for 
obtaining a continuous output by the co-ordinated 
operation of two or more tidal basins separated 
from each other and from the sea by dams with 
appropriate sluice gates. This method, however, 
can get over the difficulty of equalising the out¬ 
puts of spring and neap tides only if it be arranged 
that the maximum rate of output is that governed 
by the working head at the lowest neap tide, in 
which case only a small fraction of the available 
energy is utilised. 

When a single tidal basin is used it is necessary 
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to provide some storage system to absorb a por¬ 
tion of the energy during the daily and fortnightly 
periods of maximum output, and for this purpose 
the most promising method at the moment appears 
to involve the use of an auxiliary high-level reser¬ 
voir into which water is pumped when excess 
energy is available, to be used to drive secondary 
turbines as required. It is, however, possible that 
better methods may be devised. Storage by the 
use of electrically heated boilers has been sug¬ 
gested, and the -whole field of storage is one which, 
would probably well repay investigation. 

If a sufficiently extensive electrical network 
were available, linking up a number of large steam 
and inland water power stations, a tidal power 
scheme might readily be connected into such a 
network without any storage being necessary, and 
this would appear to be a possibility which should 
not be overlooked in the case of our own country. 

Investigation necessary .—A tidal power project 
on any large scale involves a number of special 
problems for the satisfactory solution of which 
our present data are inadequate. 

Thus the effect of a barrage on the silting of a 
large estuary, and the exact effect on the level in 
the estuary and in the tidal basin at any given 
time can only be determined by experiment, either 
on a small installation, or preferably on a model 
of the large scheme. 

Many of the hydraulic, mechanical, and elec¬ 
trical problems involved are comparatively new, 
and there is little practical experience to serve as 
3 basis for their solution. 

Among these may be mentioned :— 

1. The most advantageous cycle of operations 
as regards working periods, mean head, and 
variations of head. 

2. The methods of control and of sluice-gate 
operation. 

3. Effect of changes of level due to wind or 
waves. 

4. The best form of turbine and setting and the 
most economical turbine capacity. 

5. The possibilities of undue corrosion of turbine 
parts in salt water. 

6. The best method of operation; constant or 
variable speed. 

7. Whether the generators shall be geared or 
direct driven. 

8. Whether generation shall be by direct or 
alternating current. 

The questions of interference with navigation 
and with fisheries, of utilising the dam for rail or 
toad transport across the estuary, and, above all, 
economic questions connected with the cost of 
•production, and the disposal of the output of such 
an installation, also require the most careful con¬ 
sideration before a scheme of any magnitude can 
be embarked upon with assurance of success. 

In view of the magnitude of the interests 
involved, and of the fact that rough preliminary 
estimates indicate that to-day current even for an 
ordinary industrial load could be supplied from 
such an installation at a price lower than from a 
steam generating station giving the same output 
blishing Group 
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with coal at its present price, it would appear 
desirable that these, problems should receive 
adequate investigation at an early date. 

Facilities for Research in Hydraulic and 
Cognate Problems.— In view of the considerations 
already outlined, and especially in view of the 
large part which British engineering will prob¬ 
ably play in future water-power developments, the 
provision on an adequate scale at some institution 
in this country of facilities for research on hydrau¬ 
lic and cognate problems connected with the 
development of water power is worthy of' serious 
attention. 

At present the subject is treated in the curricu¬ 
lum of the engineering schools of one or two of 
our universities, but in no case is the laboratory- 
equipment really adequate for the purpose in 
question. 

What is required is a research laboratory with 
facilities for experiments on the flow of water on 
a fairly large scale; for carrying out turbine tests 
on models of sufficient capacity to serve as a basis 
for design; and, if possible, working in conjunc¬ 
tion with one or more of the hydro-electric stations 


already in existence, or to be installed in the 
country, at which certain large-scale work might 
be carried out. 

The provision of such a laboratory is at 
present under consideration in the United States, 
and in view of the rapidity with which the designs 
of hydraulic prime movers and their accessories are 
being improved at the moment, it would appear 
most desirable that the British designer, in order 
that the deservedly high status of his products, 
should be maintained and enhanced, should at least 
have access to equal facilities, and, if necessary, 
be able to submit any outstanding problems to- 
investigation by a specially trained staff. 

The extent to which our various heat engine 
laboratories have been able of recent years to 
assist in the development of the internal com¬ 
bustion engine, and to which our experimental 
tanks have assisted in the development of the ship¬ 
building industry, is well known to most of us, 
and the provision of similar facilities to assist in. 
the development of our hydro-electric industry 
would probably have equally good results in this, 
connection. 


The Danish Deep Sea Expedition. 


T HE Danish Deep Sea Expedition, which left 
Copenhagen on August 30 on board the 
new research steamer Dana, is expected to spend 
about ten months in the temperate and tropical 
parts of the North Atlantic. The object of the 
expedition is to carry out deep sea investigations 
in accordance with a scheme which was submitted 


by the leader of the expedition, Dr. Johs. 
Schmidt, to the International Council for the 
Exploration of the Sea during their meeting at 
Copenhagen in July last. 

The committee of the expedition consists of 
the members of the official Danish “ Committee 
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for the Study of the Sea ” and of several other 
Danish men of science interested in oceanography. 
The president is Commander C. F. Drechsel, and 
the vice-president Vice-Admiral C. F. Wandel 
(leader of the Danish Ingolf Expedition in 
1 895—96). Admiral H.R.H. Prince Valdemar of 
Denmark is patron of the expedition. The ex¬ 
penses are being defrayed by 
funds supplied by various private 
persons and by the Danish 
Government annual grants for 
marine investigations in connec¬ 
tion with the International Coun¬ 
cil for the Exploration of the Sea. 

The ship of the expedition, the 
Dana (Fig. 1), of the Lord Mer¬ 
sey trawler type, was bought in 
England by the Danish Govern¬ 
ment to replace the old research 
steamer Thor, which was sold 
some years ago. The Dana has 
been equipped for marine research* 
work at the Royal Dockyard, 
Copenhagen. She has a length 
of about 140 ft. between perpen¬ 
diculars, and is 325. tons gross, 
register. She carries a 600-h.p. 
triple expansion engine, giving 
her a speed of 9 knots. A large 
deck-house has been constructed, which contains, 
two laboratories—a larger biological laboratory 
with accommodation for five workers, and a 
smaller one for hydrographical work with 
room for two—together with a mess-room 
for the scientific staff, and a cabin for the- 



Fig. i. —S.S. Dana, 
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